The goal is to investigate, theoretically and through analyzing existing data, the role that sea spray plays in transferring heat, moisture, and momentum across the air-sea interface, especially in high winds. Ultimately, we hope to develop simple parameterizations for these air-sea fluxes for use in large-scale models, especially those simulating tropical and extra-tropical storms.
Here, H L and H s are the so-called interfacial fluxes that I estimate with the COARE bulk flux algorithm (Fairall et al., 1996) , and Q L and Q S are nominal spray latent and sensible heat fluxes predicted by Andreas's (1992) microphysical model. α, β, and γ are small, nonnegative coefficients obtained by tuning (1) and (2) with data.
WORK COMPLETED
To evaluate α, β, and γ, I have been using the HEXOS (for Humidity Exchange over the Sea experiment) measurements of the sensible and latent heat fluxes (DeCosmo, 1991; DeCosmo et al., 1996) . The magnitudes of the nominal spray fluxes, Q L and Q S , in (1) and (2) depend on the sea spray generation function I use. I have tuned (1) and (2) to the HEXOS data for two candidate spray generation functions- Andreas (1992) and Andreas (1998) . With the former, α = 4.3, β = 6.5, and γ = 3.8; with the latter, α = 9.8, β = 15.0, and γ = 9.3. The differences in these values reflect the persistent uncertainty in the magnitude and wind speed dependence of the spray generation function.
In collaboration with Kerry Emanuel at MIT, I investigated what my spray model says about the net air-sea enthalpy flux. From (1) and (2), that net enthalpy flux is
The first two terms on the right-hand side of (3) give the interfacial enthalpy flux,
which is modeled fairly well with a bulk-aerodynamic formulation, such as the COARE algorithm (Fairall et al., 1996) . The last two terms in (3) give the enthalpy flux associated with spray processes,
Note that the terms in (5) derive strictly from the sensible heat exchange, as modeled by (2). Few have recognized this fact and, thus, have generally ignored this important route for air-sea enthalpy exchange. Consequently, no large-scale air-sea interaction model is currently parameterizing the spray contribution to the air-sea heat flux with the proper physical basis. Recently, however, Andreas and Emanuel (1999 , 2000a , 2000b have begun incorporating spray effects in Emanuel's (1986 Emanuel's ( , 1995 axisymmetric tropical cyclone model, using (5) as a guide. ρ ρ ρ w is the density of seawater; c w , the specific heat of seawater; T s , the sea surface temperature; and T eq,100 , the equilibrium temperature of 100-µ µ µ µm spray droplets (e.g., Andreas, 1995 Andreas, , 1996 . Figure 1 shows the parameterization for the spray enthalpy flux in (5) that Emanuel (2000a, 2000b) developed. Although spray droplets with radii between 1 and 500 µm are important in transferring heat and moisture across the air-sea interface, Andreas (1992) showed that droplets with radii near 100 µm carry most of the sensible heat. To make the parameterization simple, we thus assume that these 100-µm droplets dominate the spray heat exchange and, therefore, parameterize Q e,sp in terms of these droplets alone. This explains the T eq,100 (the equilibrium temperature of spray droplets of 100-µm radius) in Figure 1 .
RESULTS
With expressions for the spray generation functions, it is relatively easy to use droplet conservation arguments to estimate an upper bound on spray's ability to transfer momentum across the air-sea interface. The concept is straightforward. Spray droplets are ejected into the air at a 'known' rate (i.e., the spray generation function) and with little or no horizontal velocity. Since the wind accelerates them rapidly to the local wind speed, they extract momentum from the wind. When these droplets then crash back into the sea, they transfer this momentum to the sea in the form of a surface stress. By assuming that all droplets produced fall back into the sea, I have estimated spray-drag coefficients from the Andreas (1992) and Andreas (1998) Andreas (1992 Andreas ( , 1998 spray generation functions, these spray-drag coefficients are 2-3 orders of magnitude less than the usual interfacial drag coefficient modeled with a Charnock relation (e.g., Fairall et al., 1996) or with Large and Pond's (1981) relation (Andreas and Emanuel, 2000b) . But they increase more rapidly with wind speed than the interfacial drag coefficient. Consequently, indications are that spray drag may be an important momentum sink in hurricane-strength winds. In fact, to produce realistic storm development in their tropical cyclone simulations, Andreas and Emanuel (2000a) found it necessary to postulate a heuristic spray-drag function that is an order-of-magnitude larger than the estimated spray drag. Clearly, we have a long way to go in understanding air-sea momentum transfer in high winds when the sea surface is severely disrupted.
IMPACT/APPLICATIONS
In finding that sea spray can accomplish a net enthalpy exchange across the air-sea interface, we have identified an unappreciated source of energy that can influence the intensity of tropical and extratropical storms. Fairall et al (1994) were the first to investigate how sea spray could affect the development of the marine boundary layer in a tropical cyclone and confirmed that the spray can redistribute heat between the temperature and humidity fields. By identifying how and how much the spray can affect the net air-sea enthalpy flux, we suggest that not only does the spray redistribute heat in the atmosphere, it can actually transfer energy across the air-sea interface and thereby affect storm intensity.
Not all have accepted this conclusion or have been able to support it with models, however. For example, modeling reported by Kepert et al. (1999) , Wang et al. (1999 Wang et al. ( , 2000 , and Uang (1999) reiterates the conclusion by Fairall et al. (1994) -that spray can affect the temperature and humidity profiles in the marine boundary layer in storm conditions. But these models show minimal effects of spray processes on maximum storm intensity. Perrie et al. (2000) , on the other hand, report roughly a 20% spray effect in their simulations of extra-tropical storms in the North Atlantic.
Most of the papers I just cited have appeared in the last two years and, therefore, reflect the current vitality of the work in this area and its perceived importance. In fact, the diversity of opinions as to which processes are important in high winds provided some of the impetus for ONR's new departmental research initiative on Coupled Boundary Layers and Air-Sea Transfer (CBLAST).
TRANSITIONS
I contributed to the ONR 'whitepaper' that lays out the scientific issues that CBLAST should address, and I participated in the Airlie workshop that reviewed these issues. I have also been invited to lecture on sea spray at Woods Hole Oceanographic Institution and at the National Center for Atmospheric Research during a workshop concerning the air-sea interface that was sponsored by NCAR's Geophysical Turbulence Program.
The most direct transitions of this research, however, are through my collaborations with Kerry Emanuel at MIT, Wade McGillis at WHOI, and Will Perrie at Bedford Institute. These collaborations involve developing parameterizations for air-sea transfer in high winds that acknowledge the role played by sea spray and other surface disruptions. 
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